Abstract-A technique and a dynamic model for calculating the own frequencies and forms of oscillations of a lathe with a horizontal plane of guides mounted on rubber-metal supports are proposed. A two-mass dynamic model with 3 degrees of freedom was used, which performs translational-angular oscillations. The mass, formed from the masses of the base, the bed, the headstock and the tailstock, performs both translational and angular vibrations. The mass of the support group performs only translational vertical vibrations. The dynamic model allows to take into account the asymmetric layout of the lathe and the redistribution of the static load on the rubber-metal supports due to the movements of the machine nodes during shaping and adjustment. Based on the processing of the experimental data, a nonlinear dependence of the rigidity of the rubber-metal support on the axial load as a polynomial of the third degree is obtained.
INTRODUCTION
Machining is one of the most common industrial processes in the industry due to its ability to produce high-quality parts with exceptional flexibility. These characteristics have been further aggravated in the last few decades due to the continuous development of science and technology, as well as advanced technological requirements for production [2] .
As the industry strives to master micro-and nanoscale levels of high-speed production, high processing precision and super-smooth processing quality must be strictly guaranteed, requiring machine work to smooth with minimal vibration [1] [2] [3] .
However, under certain conditions, the process may become unstable yielding oscillations with high amplitudes which result in poor surface finish and damage to the cutting tool, part and the machine too [6, 7] .
Therefore, the vibration reduction of machine tools is the key technology to guarantee the precision and ultra precision machining. The harm of machine tool vibration is obvious, reduce parts processing precision and quality, cause component wear.
Analysis of the dynamic characteristics of the machine tool is one of the components to ensure the operational characteristics of the machine tool during the design stage [4, 5, 8, 9] .
In recent years, a significant number of publications have been devoted to the study of dynamic processes in machine tools [11] [12] [13] [14] [15] [16] [17] .
Analysis of the values of the natural frequencies of the technological system and vibration modes allows us to choose the rational design and layout solutions of the projected machine tool.
However, some averaged values are often taken into account. This does not allow performing a dynamic analysis of the system with the provision of predictable results and making it difficult to monitor the technical condition of the equipment using a dynamic criterion. In connection with this assessment of the variation of the basic dynamic characteristics of the machine is an urgent task, the solution of which will allow taking into account in the design and diagnostics the features of individual models of machine tools [4, 5, [8] [9] [10] .
Varying the dynamic characteristics of the machine can be caused by the fact that, firstly, the layout solution of the machine is generally not symmetrical, and, secondly, there are movements of the machine nodes related to the forming, adjusting and other movements.
The center of gravity of the lathes with the horizontal plane of the guides is shifted to the location of the headstock. When installing the machine on rubber-metal vibrationresistant supports, the asymmetrical arrangement of the center of gravity causes their static deformation, which, with the nonlinear characteristic of supports, must be taken into account [18] .
The second feature of such machines is the considerable movement along the guides of the support group (especially in machines with an elongated bed).
II. MODELLING APPROACH

A. Dynamic model
Taking into account these features, we can use for the dynamic analysis a two-mass design dynamic model with 3 degrees of freedom, which performs translational-angular oscillations (Fig. 1 
-matrix columns of coordinates and perturbing forces, respectively.
To determine the natural frequencies and modes of vibration by the action of disturbing forces and damping in the system, one can neglect it.
Then equation (1) takes the form:
For the translational-angular dynamic model under consideration (Fig. 1) , the matrices entering into equation (2) have the form [19] [20] [21] 
where
Consider the definition of dynamic characteristics using the proposed model using the example of the "Vector" lathe of CJSC "Srednevolzhskiy Machine Tools" (Samara).
The inertial characteristics are determined by the preliminary sketches of the headstock, base, frame, tailstock and support group.
Sketches are represented in the form of a set of figures of a simple geometric form (parallelepipeds, cylinders) for which it is not difficult to calculate the volumes of the nodes considered by their overall dimensions. For example, Fig. 2 shows the sketch of the support group of the machine (without an apron and toolholder). 
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When determining the mass of the elements of the machine carrier system to take into account the incomplete filling of the volume, the coefficient equal to the front headstock and the frame   0.5 was used, and for the base   0.3...0.5:
where V -the volume of the node;  -the density of the material. 
B. Elastic characteristics of the rubber-metal support
Earlier [22] , when testing rubber-metal supports, data were obtained that made it possible to construct an average graph of the change in the axial deformation of the support from the applied load (Fig. 3) . (Fig. 3) , which confirms the nonlinear character of the dependence of stiffness on the axial load.
To determine the dependence that adequately describes this characteristic, the Excel package was used, which allows building a trend depending on the type of approximating dependence. The results of approximating the experimental curve in Fig. 4 are given in Table I . As the best approximation one chooses one in which the deviation between the model and the real data is minimal. For this, the deterministic coefficient 2 R is used (the coefficient of reliability of the approximation, or the level of reliability). The best is the dependence that 2 R is more important. Comparison of the dependencies of Table 1 shows that the most adequate description of the characteristic of the axial rigidity of a rubber-metal support is the polynomial dependence n = 3.
III. RESULTS AND DISCUSSIONS
When using this polynomial dependence, taking into account the movement of the support of the machine, we have:
at the leftmost position of the support group 
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The stiffness 2 c is determined by the stiffness of the movable joint of the support group of the machine with the bed in the longitudinal guides: 
where F F   ; -the area of the movable joint of the prismatic and flat guide, respectively, m 2 ; k k   ; -coefficients of contact compliance of the prismatic and flat guides, respectively, m 3 /N. Taking into account the parameters of the longitudinal guides of the "Vector" machine (the angle of inclination of the prismatic guide rail is 45°, the width of the prismatic guide rail is 25 mm, the width of the face of the flat guide is 23 mm, the length of the carriage guides is 510 mm), the rigidity 2 c is 2.718·10 9 N/m. For the obtained initial data, the dynamic model (2) gives the natural frequencies of the system, given in Table II.   TABLE II. OWN FREQUENCIES OF THE MACHINE "VECTOR", HZ 
IV. CONCLUSION
A technique and a dynamic model that take into account the asymmetrical arrangement and redistribution of the static load on the rubber-metal supports due to the movements of the machine nodes, for the calculation of own frequencies and forms of oscillations is proposed. Based on the processing of the experimental data, a nonlinear dependence of the rigidity of the rubber-metal support on the axial load as a polynomial of the third degree. The carried out approbation of the proposed technique with the example of a lathe with a horizontal plane of guides mounted on rubber-metal supports showed that during longitudinal movement of the support group, the variation of the second and third own frequencies can reach 3.5%. The increase in the weight of the support group when the machine is equipped with a multi-position turret increases the range of variation of natural frequencies to 5.2%. From the point of view of the influence of dynamic processes on the accuracy of processing, the third most natural frequency is the most dangerous when processing short blanks, and when processing long blanks -the second and third own frequencies.
